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Alterations in Nuclear Ribonucleic Acid Metabolism Induced by l~inetin.* 
BY RUTH GUNMAN.  From the Department of Genetics, University  of  California, 
Be, keZey.~ 
Kinetin, a  substance recently isolated 
from  deoxyribonucleic  acid  prepara- 
tions  (7),  has  been found  to  stimulate 
cell division in a number of plant tissues 
(7,  4).  In  meristematic  cells  of  onion 
roots,  low concentrations of kinetin--in 
addition  to  increasing  the  number  of 
cells  entering mitosis--also affected  the 
relative durations of prophase and telo- 
phase, apparently shortening the former 
and increasing the durations of the lat- 
ter.  These phenomena were  interpreted 
to  be  associated  with  an  effect  of  the 
substance  on  the  coiling  cycle  of  the 
chromosomes  during  mitosis.  The  sta- 
tistical  and  cytological  evidence  from 
the above study, as well as the findings 
of Serra (9), Kaufmann, McDonald, and 
Gay  (6),  Jacobson  and Webb  (5),  Ris 
and  Kleinfeld  (8),  Brachet  (1),  and 
especially  of  Firket,  Ch~vremont- 
Comha~re,  and  Ch~vremont  (2),  led  us 
to  suspect  that  low  concentrations of 
kinetin  induced  an  accumulation  of 
ribonucleic  acid  (RNA)  in  dividing 
nuclei of onion roots. 
The present study presents an attempt 
to  test  this  hypothesis with  the  aid  of 
cytochemical  tests,  in  particular  by 
means of enzymatic digestion of nucleic 
acids  in  onion  roots  grown  in  kinetin 
solutions. 
Materials  and Methods 
Growing roots  of onion were treated  in 
1 p.p.m, and 5 p.p.m, solutions of kinetin  1  for 
periods of 6, 24, 48, and 72 hours.  Control 
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roots  were immersed in distilled water  for 
parallel  periods. Immediately  after  treat- 
ment, the roots were fixed in 1:3 acetic alco- 
hol,  dehydrated,  embedded,  and  sectioned 
longitudinally at 8 ~ thickness. Series of com- 
pound slides were prepared, each slide con- 
sisting  of  one  ribbon  of  distilled  water 
controls and one or more ribbons of kinetin- 
treated  material.  Each  ribbon,  whether 
experimental or control,  contained  sections 
of two different roots. 
The slides of each series were divided into 
two groups: one was placed for I hour in an 
aqueous solution  of ribonuclease  (Worthing- 
ton,  0.I per cent  at 40°C. pH 6.8)  and then 
stained  with azure B bromide by a method 
similar to that of Flax and Himes (3). The 
second  group  was  stained  in  the  same  manner 
after  enzymatic removal of  DNA: 1 mg./cc. 
Worthington deoxyribonuclease  in aqueous 
gelatin  Mg  ++ solvent  buffered  at pH 6.9 and 
applied at  30°C. for  1  hour. For  each 
enzyme treatment,  parallel  runs were made 
in  water adjusted  to the  equivalent  pH. 
The action  of the deoxyribonuclease  was 
tested  by following  one set  of  DNase-treated 
slides  by Feulgen staining.  The nuclei re- 
mained  completely unstained. Azure  B 
bromide stains  DNA  greenish blue, RNA 
purple.  Extraction  of  all  nucleic  acids  in  TCA 
(5 per cent at 90°C. for 12 minutes),  and 
subsequent azure staining  also  resulted  in 
colorless  slides. 
Because of the striking  results  obtained 
with deoxyribonuclease  this  part of the ex- 
periment was repeated,  using  a new series  of 
kinetin treatments and new preparations  of 
DNase  solution and azure dye. The results 
of the second trial are entirely in agreement 
with the first. 
RESULTS AND DISCUSSION 
Ribonuclease.--Removal  of  ribonu- 
cleic acid from meristematic onion cells 
did not show any qualitative differences 130  BRIEF  NOTES 
in DNA between treated roots and their 
controls.  Both  interphasic  and  mitotic 
nuclei  were  greenish  blue  while  cyto- 
plasm and  nucleoli remained unstained. 
Deoxyribonuclease.--Fig.  1  shows  a 
distilled  water  control  stained  with 
azure B  after  removal  of  deoxyribonu- 
cleic  acid.  The  chromatin  is  almost 
colorless  while  cytoplasm  and  nucleoli 
are stained densely in varying shades of 
purple. Fig. 2 is a  section of a  root tip, 
from  the  same  slide,  which  had  been 
treated  with  1  p.p.m,  kinetin  for  24 
hours. Again cytoplasm and nucleoli are 
purple;  however,  in this root a  striking 
amount  of dye has also been bound  by 
the  nucleus  apart  from  the  nucleolus, 
indicating  the  presence  of  fairly  high 
concentrations of ribonucleic acid in the 
chromatin after treatment with kinetin. 
Evidence  for  strongly stainable ribonu- 
cleic acid may be seen in interphasic as 
well as in mitotic nuclei (note prophase, 
metaphase,  and  telophase  figures  in 
Fig. 2),  which are stained purple. 
Such  increased  quantities  of  nuclear 
RNA were observed in every root grown 
in 1 p.p.m, kinetin solution, as early as 6 
hours  after  treatment  and  persisting 
through  72  hours.  The  higher  concen- 
tration  (5  p.p.m.)  gave  less  consistent 
results, some roots showing  evidence of 
increased nudear RNA while others did 
not  differ  markedly  from  the  controls. 
This  deviation  is  in  agreement  with  a 
previous  experiment  (4),  in  which  high 
concentrations of kinetin had caused vari- 
able amounts and expressions of toxicity. 
In that study, the 1 p.p.m, concentration 
was found  to  be  the  most  effective in 
changing  rates  of  cell  division without 
producing observable cytological abnor- 
malities. It appears that--as with growth 
hormones--the specific action of kinetin 
is effective only over a  narrow range of 
concentrations. 
In the present study the lack of uni- 
formity of response to the  5  p.p.m, solu- 
tion also indicates that  it is not kinetin 
taken up  by the nuclei which is stained, 
but rather a compound resulting from the 
treatment. 
The results of the present experiment 
are  in  agreement  with  our  assumption 
that  kinetin  does  not  interfere  with 
synthesis  of  DNA  before  initiation  of 
division  or  with  DNA  metabolism 
throughout  mitosis.  They  provide  evi- 
dence  for  the  presence  of  greatly  in- 
creased amounts of nuclear RNA follow- 
ing  treatment  with  kinetin,  though 
quantitative  and/or  biochemical  data 
are  still  needed  to  prove  conclusively 
such  increases.  The  origin  and  role  of 
this  ribonucleic acid and  its specific in- 
fluence on the mitotic cycle are not clear 
at present and  require further  study. 
SUMMARY 
Removal  of  deoxyribonucleic  acid 
from  meristematic  onion  root  ceils 
grown  in  solutions  of  kinetin,  followed 
by  metachromatic  staining  in  azure  B 
bromide,  indicated  the  presence  of  ap- 
preciable amounts of ribonucleic acid in 
nuclei exposed to the cell division factor. 
The author is very much indebted to Dr. 
Max  Alfert  for  help  and  advice  offered 
throughout  the course  of the investigation 
and to Mrs. Norma O. Goldstein  for expert 
assistance in the cytochemical procedures. 
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EXPLANATION OF PLATE 22 
Onion root meristem cells after  removal  of DNA with deoxyribonuclease, stained with 
azure B bromide. 
FxG. 1. Section of control root. X  900. 
FIG. 2. Same slide, section of root treated with 1 p.p.m, kinetin for 24 hours. X 900.  (P -- 
prophase, M  =  metaphase, T  == telophase.) THE JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
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